Cerebral arterial vasospasm has long been recognized as a major cause of disability and long-term neurological deficits following aneurysmal as well as traumatic Subarachnoid Hemorrhage (SAH). While symptomatic vasospasm with neurological deterioration occurs in 20-30% of patients, radiographic vasospasm can be seen in up to 70%. The underlying pathogenic mechanisms and best management of delayed cerebral vasospasm are incompletely understood. Despite maximal therapy, nearly 50% of patients with symptomatic vasospasm will progress to cerebral infarction and 15-20% will develop a disabling stroke or death.[@ref1]--[@ref3]

Although several studies have been conducted on SAH with aneurysmal origin, less attention has been paid to the significance of vasospasm after traumatic SAH (tSAH). Therefore, there are not much data available on the incidence, time course, predictors, and management of vasospasm following tSAH. SAH has been reported in up to 60% of patients who have sustained traumatic brain injuries (TBI) and a significant predictor of death in patients with severe TBI.[@ref4]--[@ref8] It has been shown that the incidence of vasospasm after tSAH is similar to that following aneurysm rupture.[@ref9]--[@ref11] It is proposed that tSAH is a predictor of poor outcome because it may induce vasospasm and secondary cerebral ischemia.[@ref4] The aim of the present study was to investigate the incidence of cerebral vasospasm following tSAH and its relationship with different brain injuries and severity of trauma.

Methods {#sec1-1}
=======

This cross-sectional study was conducted from October 2006 to March 2007 in department of Neurosurgery in Al-Zahra Hospital (Isfahan University of Medical Sciences). Consecutive head-injured patients who had SAH on the basis of an admission CT scan were prospectively evaluated. Patients who had received sedative drugs before evaluating Glasgow Coma Scale (GCS) score, those who underwent neurosurgery before Transcranial Doppler ultrasonography (TCD), those who had received anticoagulation drugs (e.g. heparin, warfarin), and those with penetrating head injury were excluded from the study. The severity of the trauma was evaluated by determining GCS score on admission, after resuscitation measures, and then was categorized to mild (13 to 15), moderate (9 to 12), and severe (less than 9). Calculated sample size was 64 considering estimated prevalence of 40%, confidence interval 95% and d = 0.3.

For diagnosing cerebral vasospasm, TCD evaluations were performed using MultiDop^®^X4 (DWL, Sipplingen, Germany) with a 2MHz pulse-waved and range-gated transducer, according to the technique described by Aaslid et al.[@ref12] The middle and anterior cerebral arteries (MCA and ACA) were insonated through the temporal acoustic window and basilar artery (BA) was assessed through the foramen magnum. Internal carotid arteries (ICAs) were insonated extracranially via the submandibular approach. Both sides were evaluated in four cardiac cycles. In every patient, TCD recordings were performed twice; once in the first week (at least 48 hours after admission) and once, one week after the first TCD recording. Vasospasm in the MCA and ACA was defined by mean flow velocity (FV) of more than 120 cm/sec with a Lindegaard index (MVA/ICA FV ratio) higher than 3, according to Aaslid et al [@ref13] and Lindegaard et al.[@ref14] The severity of vasospasm in the MCA and ACA was categorized to severe (FV ≥ 200), moderate (150 ≤ FV \< 200), and mild (120 \< FV \< 150). BA vasospasm was defined by a FV higher than 85 cm/sec.[@ref15]

The Ethics Committee of Isfahan University of Medical Sciences approved the study protocol. Data were recorded according to the usual clinical practice and patient privacy was maintained at all times. Independent Sample t test and Chi-square test were used for statistical analysis and a p value of less than 0.05 was considered statistically significant. Analyses were done using SPSS for windows (version 16.0).

Results {#sec1-2}
=======

During the study period, 77 consecutive patients with tSAH were prospectively evaluated. Five patients died before the second TCD and eight patients did not participate for the second TCD. Therefore, 64 patients' data were considered for analyses. Patients included 52 (81.3%) men and 12 (18.8%) women, with a mean age of 37.8 years (SD = 19.1, from 6 to 79). The mean GCS score was 12.0 (SD = 3.1, from 4 to 15). Trauma was severe in 11 (17.2%), moderate in 13 (20.3%), and mild in 40 (62.5%) patients. From all, 27 patients (42.1%) experienced at least one vasospasm during the study period and MCA vasospasm was the most common in the first and second weeks (15.27% and 55.5% respectively). In all patients, severity of vasospasm was limited to mild and moderate and sever vasospasm was not seen in any of them. ([Table 1](#T1){ref-type="table"})

###### 

Vasospasm in the first and second weeks

![](JRMS-14-343-g001)

As presented in [table 2](#T2){ref-type="table"}, there was a relationship between the severity of trauma and the occurrence of vasospasm in MCA, ACA, and BA in the first and second weeks. But, the relationships were statistically significant only for MCA in both weeks, ACA in the second week, and slightly for BA in the first week. Also, relationship was found between the severity of trauma and the severity of vasospasm in MCA in both weeks (r = 0.381 and 0.336, p \< 0.05) and in ACA in the second week (r = 0.278, p \< 0.05).

###### 

Vasospasm in the first and second weeks in relation to severity of trauma
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There was no relationship between the occurrence of vasospasm and sex or age. (p \> 0.05) Regarding findings of CT on admission, there was not any significant relationship between various brain injuries and the occurrence of vasospasm (p \> 0.05). The only difference between groups was that the mean of GCS scores were lower in patients with MCA and BA vasospasm compared to no vasospasm (p \< 0.05). ([Table 3](#T3){ref-type="table"})

###### 

Vasospasm in relation to sex, age, and brain injuries
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Discussion {#sec1-3}
==========

Compared to SAH of aneurysmal origin, trauma is the most common cause of SAH.[@ref6] Evidence showed that the incidence of vasospasm and also poor outcomes in patients with TBI increased with the presence of SAH. While vasospasm is thought to contribute to secondary brain damage by causing ischemia or by adding intensity to existing ischemia, in head injury, there are other factors which themselves may induce ischemia (e.g. edema, systemic hypoxia, and hypotension). Therefore, vasospasm plays an important role in head injury by contributing to already existing or impending ischemia.[@ref4][@ref16]--[@ref18]

However, little researches have been devoted to the importance of vasospasm following tSAH. With the development of the TCD technique with good sensitivity and excellent specificity in recent years, post-traumatic cerebral vasospasm has been more often recognized. Vasospasm has been reported in 5-59% of patients following tSAH.[@ref4] In present study, we included patients with mild, moderate, and severe trauma while only patients with severe trauma (GCS \< 9) have been included in most of the previous reports.[@ref4] However, we found a relationship between the severity of trauma and the occurrence of vasospasm that was significant for MCA and ACA vasospasm (p \< 0.05), and slightly significant for BA vasospasm (p = 0.054). These findings are in contrast to some previous reports[@ref19]--[@ref21] but similar to other ones.[@ref22][@ref23] These various results may be related to differences in patient selection, radiologist expertise, and definition of vasospasm among the studies.

It is likely that the mechanisms involved in vasospasm following tSAH are similar to those identified in aneurysmal SAH. Several studies reported a significant correlation between the amount of SAH on CT scan and the incidence of vasospasm in head injured patients.[@ref11][@ref20][@ref23][@ref24] TSAH is associated with poor outcome which is consistent with this finding that post-traumatic vasospasm\'s outcomes are predictive. Presence of SAH, however, does not always lead to vasospasm [@ref23][@ref25] and it seems that other mechanisms in head injury like mechanical stretching and pulling forces and release of vasoactive substances from damaged parenchyma are also involved in the pathogenesis of post-traumatic vasospasm.[@ref4]

Few studies have examined CT findings and vasospasm after trauma. In the study by Zubkov et al vasospasm was independently predicted in patients with severe SAH, sub-dural hematoma, and intraventricular hemor rhage on CT scans. Their study primarily included patients with severe head injury.[@ref23] In another study by Oertel et al, with enrollment of patients with mild to severe TBI, only SAH was significantly related to the development of vasospasm, although intracerebral hematomas or contusions revealed a trend.[@ref22] But, in present study there was no significant relationship between various brain injuries and the occurrence of vasospasm. Also, some studies have showed that patients with vasospasm are significantly younger than those without vasospasm[@ref20][@ref22] but, present results did not support this finding. As mentioned above, these different results are probably due to the different patient population, criteria for vasospasm detection, and also limited sample size of present study. The sample size of present study was not enough for analyzing above mentioned associations in patients with severe (n = 11) or moderate to severe (n = 24) TBI. Moreover, in some previous studies, serial TCD has been done to detect vasospasm which was not possible in current investigation. However, the time points for evaluation of vasospasm in present study were according to the peak in the frequency of vasospasm during 3rd to 5^th^ day after the trauma.[@ref20] According to some reports,[@ref20][@ref21] and also as present results showed, MCA FV after elevation since the third day post-trauma, remained constant for about two weeks. Indeed, the presence of vasospasm did not significantly alter (without treatment) within about two weeks after trauma. Anyway, more investigations are needed to clarify this issue.

Conclusions {#sec1-4}
===========

In conclusion, traumatic SAH is associated with a high incidence of cerebral vasospasm with a higher probability and severity in patients with more severe TBI. More studies on the predictors and treatments of vasospasm following TBI/tSAH are required.
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